. We analyzed associations between trial characteristics, PRMC decisions, and protocol modifications using Chi-square testing, Fishers exact testing, and logistic regression. Results: A total of 226 trials were analyzed. Of these, 77% were industry-sponsored and 23% were investigator-initiated. Initial PRMC decisions were: approval (40%), provisional approval (52%), deferral (7%), and disapproval (1%). These decisions were associated with study sponsor (P<.001) and phase (P<.001). Ultimately, 97% of industry-sponsored and 90% of investigator-initiated trials were approved (P=.05). Changes were requested for 27% of industry-sponsored trials compared with 54% of investigator-initiated trials (P<.001). Total changes requested (mean, 5.6 vs 2.4; P<.001) and implemented (mean, 4.6 vs 2.1; P=.008) per protocol were significantly greater for investigator-initiated trials. Changes related to study design were more commonly requested (35% vs 13% of trials) and implemented (40% vs 5% of trials) for investigator-initiated trials compared with industry-sponsored trials (P=.03). Conclusions: NCI-mandated scientific protocol review seems to have a substantial impact on investigator-initiated trials but less effect on industry-sponsored trials. These findings may provide guidance on development and prioritization of institutional protocol review policies. (J Natl Compr Canc Netw 2015;13:409-416) In recent years, the process of cancer clinical trial activation has come under scrutiny. Study activation barriers and delays limit treatment options available to patients, increase research costs, hinder trial accrual, and may result in study objectives becoming obsolete.
In recent years, the process of cancer clinical trial activation has come under scrutiny. Study activation barriers and delays limit treatment options available to patients, increase research costs, hinder trial accrual, and may result in study objectives becoming obsolete. 1 Researchers have voiced concerns about the complexity, length, inconsistencies, excessive demands, and inappropriate conservatism of the review process. [2] [3] [4] [5] [6] In turn, these steps contribute to delays in and escalating costs of developing new therapies. [7] [8] [9] As a result, efforts are underway to streamline and accelerate these processes. 10, 11 Studies of the clinical trial activation process have focused on the individual contributions of the pro- cess components (eg, ethical review, budget, contract, site visit, supply shipment) and comparisons among institutions. [12] [13] [14] As part of this process, the NCI mandates that any clinical trials involving patients with cancer at NCIdesignated cancer centers undergo institutional formal scientific review. Studies covered by this requirement include interventional clinical trials, noninterventional studies, tissue banks, and medical records review. This process occurs in addition to ethical review by an Institutional Review Board (IRB). This separate scientific review requirement seems to be unique among medical fields; clinical trials that do not involve patients with cancer generally require only IRB review. Furthermore, clinical cancer research conducted at non-NCI-designated centers in the United States or at cancer centers in other countries may not be subject to this requirement.
Impact of NCI-Mandated Scientific Review on Protocol Development and Content
Although the role of IRBs in clinical research conduct has been described extensively, 4, [15] [16] [17] there is a dearth of information on the effect of scientific review committees on protocol design and content. We therefore reviewed the decisions, requested changes and clarifications, and resulting protocol modifications of the Protocol Review and Monitoring Committee (PRMC) made at the Harold C. Simmons Cancer Center at the University of Texas (UT) Southwestern Medical Center within a recent 5-year period.
Methods

Data Sources and Collection
The Simmons Cancer Center is a freestanding clinical facility affiliated with the UT Southwestern Medical Center that received NCI designation in 2010. The PRMC has been in operation since 2001. Members include clinicians, investigators, biostatisticians, pharmacists, regulatory experts, data and safety monitoring specialists, and patient advocates. The committee meets twice each month to review new protocol submissions, responses to prior reviews, and accrual of activated trials. All clinical cancer research conducted at UT Southwestern involving human subjects is reviewed by the PRMC. Certain types of protocols may undergo only an administrative review, such as medical records research or studies already deemed to have undergone adequate scientific review (eg, NCI cooperative group trials). Other protocols undergo full committee review. In general, each of these protocols is reviewed by 2 to 3 clinicians/investigators, a biostatistician, a pharmacist, and a data and safety monitoring specialist.
We collected the following documents for each study that underwent full PRMC review from January 1, 2009, through June 30, 2012: PRMC submission form, study protocol and consent form, reviewer evaluations, PRMC decision letter, principal investigator response letter, and any revised study documents. For each study, we recorded the following characteristics: year, disease under study, phase and type (interventional/noninterventional), and sponsor type (institutional/industrial). Institutional trials included investigator-initiated trials with a local study chair or a study chair at another institution. Interventional studies included therapeutic, prevention, supportive care, screening, detection, and diagnostic studies. Noninterventional studies included epidemiologic, observational, and correlative studies. We recorded the initial and final PRMC decision (categorized as approval, provisional approval, deferral, or disapproval). For protocols that had not received PRMC approval by the time of data cutoff, we recorded the most recent decision.
From the PRMC decision letter, we recorded all protocol changes and clarifications requested, which were broadly grouped as protocol-related or nonprotocol-related. The non-protocol-related group included points related to the consent form or the PRMC submission form, such as funding adequacy and accrual expectations. Protocol-related points were categorized as study design (which included issues related to blinding, inclusion of placebo, randomization, stratification, selection of treatment arms, end points, assessments, monitoring, and statistical analysis plan), intervention (which generally referred to treatment dose and/or schedule), population (inclusion/exclusion criteria), or evidence/ rationale (which included requests to obtain or clarify preclinical and other evidence used to support study design). All data collection was performed by a single investigator (N.N.). Ten percent of studies were randomly selected for extensive data review by an experienced clinical investigator and long-term PRMC member (D.E.G.). Discrepancies were noted in 0.8% of all data cells (116 cells per trial).
Statistical Analysis
We analyzed the association between trial characteristics, PRMC decisions, and PRMC protocol modifications using chi-square test, Fisher exact test, logistic regression, linear regression, and general linear models. All reported P values are 2-sided, and a P value of less than .05 was used as the criterion for statistical significance. Multiple comparisons were not adjusted. To limit the influence of outlying data, we performed additional analyses by binning values for changes/clarifications requested/implemented as follows: 0, 1 to 5, 6 to 10, greater than 10. All statistical calculations were performed using SAS for Windows 9.3 (SAS Institute Inc., Cary, NC).
Results
A total of 226 studies that underwent full PRMC review from January 1, 2009, through June 30, 2013, were identified and included in the analysis. Of these, 23% were investigator-initiated; 82% were interventional. Additional study characteristics are listed in Table 1 . Trial sponsor was correlated with trial type and trial phase. Among industry-sponsored trials, 87% were interventional compared with 65% among investigatorinitiated trials (P<.001). Industry-sponsored trials were more likely to be later-phase (9% no phase; 16% phase I/pilot; 34% phase II; 41% phase III) compared with investigator-initiated trials (27% no phase; 35% phase I/pilot; 31% phase II; 7% phase III; P<.001).
The initial PRMC decision was approval in 90 trials (40%). Of 136 initial "other" decisions, 118 (87%) were provisional approval (ie, approval pending acceptable response to stipulations), 17 (12%) were deferrals (ie, reevaluation at a future committee meeting after receipt of response to stipulations), and 1 (1%) was a disapproval. At the time of this analysis, 10 most recent decisions were nonapprovals. In addition to the 1 disapproval, there were 3 approvals, 3 provisional approvals, 2 deferrals, and 4 withdrawals. Initial and final PRMC decisions according to trial characteristics are shown in Table  2 . Initial and final PRMC decisions differed significantly according to study sponsor, with more initial approvals (48% vs 11%; P<.001) and final approvals (97% vs 90%; P=.05) for industry-sponsored than for investigator-initiated trials.
Among the 226 studies in the analysis, the PRMC requested changes for 75 trials (33%). A total of 270 changes were requested (mean, 3.6 changes requested per study). Of these, 132 (49%) were protocol-related (mean, 0.6 per study) and 138 (51%) were non-protocol-related (mean, 0.6 per study). The proportion of trials with changes requested and implemented is shown in Table 3 . Changes were twice as likely to be requested for investigator-initiated trials (54%) compared with industry-sponsored trials (27%; P<.001). Requested changes were classified as follows: evidence/rationale (7%), design (26%), intervention (11%), population (5%), consent form (13%), and other (38%). For 149 studies, no changes were requested by the PRMC. The maximum number of requested changes was 17. After PRMC review, a total of 243 changes were made across the 226 studies (mean, 1.1 changes made per study): 109 (45%) protocol-related (mean, 0.5 per study) and 134 (55%) non-protocol-related (mean, 0.6 per study).
The average numbers of changes requested and implemented per protocol according to study characteristics are shown in Table 4 . Among trials for which changes were requested, the number of changes requested per protocol was significantly associated with study sponsor and phase. The same associations were observed in analyses that used binning of values (data not shown). An average of 5.6 changes per protocol were requested for investigator-initiated trials compared with an average of 2.4 changes per industry-sponsored trial (P<.001). The average number of requested changes was 4.7 for phase I/pilot studies, 3.0 for phase II studies, and 1.9 for phase III studies (P=.02). The average number of changes implemented per protocol was also significantly associated with study sponsor (P=.008) and phase (P=.04). Among the 149 studies for which no change was requested by the PRMC, changes were implemented in 20 (13%). Instances in which more changes were implemented than were requested are likely to represent one of the following scenarios: (1) the research team chose to make additional changes independent of the scientific review process, and documented them in the response letter; (2) one requested change led to more than one implemented change (eg, changing a consent form to reflect a change in study design); or (3) a clarification requested by the PRMC resulted in a change to the study.
Types of changes requested and implemented for investigator-initiated and industry-sponsored trials are shown in Table 5 . In all categories, changes were more likely to be requested for investigator-initiated trials than for industry-sponsored trials. These differences were most pronounced for changes related to study design, intervention, and population. Designrelated changes were requested for 35% and implemented in 40% of investigator-initiated trials compared with 13% and 5%, respectively, for industrysponsored trials.
A total of 517 clarifications were requested for 106 studies (47%). These clarifications were protocolrelated in 385 instances (74%) and non-protocolrelated in 132 instances (26%). In response to these requests, a total of 399 clarifications were addressed in response letters (307 protocol-related; 92 non-protocol-related). Among the 120 studies for which no clarifications were requested, clarifications were provided at the time of resubmission for 20 studies (17%). The proportion of trials with clarifications requested and addressed is shown in Supplemental Table 1 (available online, in this article, at JNCCN.org). Clarifications were more likely to be requested for investigator-initiated trials (73%) than for industry-sponsored trials (37%; P<.001). There was also an association with trial phase, with clarifications requested for 61% of phase I trials and 32% of phase III trials (P<.001).
Among trials for which clarifications were requested, the mean number of clarifications requested and addressed are shown in Supplemental Table 2 (available online, in this article, at JNCCN.org).
Discussion
To our knowledge, this is the first study to evaluate the impact of NCI-mandated scientific review on cancer clinical trial development and content. In our analysis of more than 200 cancer clinical trials that underwent full scientific board review at a single NCI-designated cancer center, we found that committee requests and decisions, and resulting protocol modifications, were highly correlated with study sponsor. In general, compared with industrysponsored trials, investigator-initiated trials were less likely to be approved initially (12% vs 48%) or ever (90% vs 97%). Among trials for which the PRMC requested changes, the number of requested changes for investigator-initiated trials was more than twice that requested for industry-sponsored trials (mean, Abbreviations: GI/GU, gastrointestinal/genitourinary; UAD, upper aerodigestive.
vs 2.4)
. Sponsor-related differences were most pronounced for changes related to study design, intervention, and population, for which the likelihood of requested changes was 3 to 5 times greater for investigator-initiated trials. Furthermore, after scientific review, the proportion of trials for which requested changes were implemented was consistently higher for investigator-initiated trials. After review, changes to study design were implemented in 40% of investigator-initiated trials, but in only 5% of industry-sponsored trials. Changes to study intervention were implemented in 19% and 3% of trials, respectively. Changes to study population were implemented in 14% and 1% of trials, respectively. Several explanations are possible for the differential impact of institutional scientific review on investigator-initiated and industry-sponsored clinical trials. One is that, presumably having already undergone considerable scientific review before protocol completion, industry-sponsored trials raise fewer scientific concerns than investigator-initiated trials. This observation may also be related to trial phase. Initial scientific review committee approval rates were highest for phase III trials (57%), which were usually industry-sponsored, and lowest for phase I/pilot trials (22%; P<.001), which were more likely to be investigator-initiated. Later phase trials, which may feature more straightforward, less ambitious designs and be perceived as conveying lower risk, may raise fewer scientific questions. Finally, a degree of learned helplessness or nihilism may also impact committee decisions. Although it is relatively straightforward and feasible to modify an investigator-initiated trial protocol, modifying a multicenter industry-sponsored research protocol that has already undergone multiple amendments and may already be activated at other centers represents a far more challenging consideration. With that in mind, scientific review committee members may be less likely to request changes to industry-sponsored trials. In contrast to protocol-related changes, the likelihood of requested nonprotocol changes (such as to the consent form or other materials) being implemented was similar for industry-sponsored and investigator-initiated trials, which may reflect the relative feasibility of altering these documents compared with altering the protocol itself.
Despite the lower rates of requested changes being implemented for industry-sponsored clinical trials, ultimately 97% of these studies were approved by the scientific review committee. In an era when the length and complexity of the clinical trial activation process have come under scrutiny, 10 this observation may raise questions about value added by institutional scientific review of industry-sponsored research. In a Vanderbilt University study, the median time cancer clinical trial protocols spent in scientific review exceeded that spent in IRB review (median, 70 vs 47 days). However, other processes occurring in parallel, such as contract negotiations (median, 78 days), may have been the principal rate-limiting steps. 12 A comparison of a US cancer center (Washington University) and a European cancer center (University of Turin, Italy) revealed a lengthier and more complex protocol activation process in the United States. Compared with the European site (which did not have an institutional scientific review committee), the US site had more steps (>110 vs <60) and required twice as long (285 vs 145 days) from protocol submission to first accrual. 14 Particularly for multicenter trials, multiple regulatory committee reviews have not consistently demonstrated clear impact on study procedures or human subject protection. [18] [19] [20] [21] At various institutions, efforts to streamline this process have included implementing a clinical trials "control tower" to track protocol progress electronically from inception to closure, and permitting local review steps to occur in parallel with rather than after FDA review. 10, 11 Our findings also suggest potential overlap with IRB and administrative reviews. Presumably, the expressed purview of a cancer center scientific review committee is to review the scientific merits of a protocol, such as evaluating study design, clinical appropriateness, objectives and hypotheses, priority, statistical analysis, outcome and safety monitoring, and overall risk and benefit ratio. However, 51% of requested changes in this study were related to the study consent form and other nonprotocol documentation. The issue of committee mission creep or territorial expansion has been the subject of prior work, primarily focused on the converse phenomenon: the raising of scientific concerns by ethical review committees. 15 In a British study of 141 Research Ethics Committee letters that were not an initial approval, 74% raised scientific issues. 22 The presence of scientific issues was correlated with final approval status: 100% of studies rejected initially, 92% of studies with initial provisional review and subsequent rejection, and 60% of studies with initial provisional review and subsequent acceptance.
This analysis had several limitations. This single-center study may not be generalizable to other cancer centers. As has been demonstrated for ethical review boards (ie, IRBs), 16 there may be considerable variation in concerns and decisions across institutions. Furthermore, the proportion of clinical trials that are sponsored by industry versus investigatorinitiated may differ between institutions, thereby affecting the relative impact of scientific review committees. Our analysis reported requested and implemented protocol changes in aggregate; thus, it is not feasible to determine which specific requested protocol changes were implemented and which were not. We limited our data collection to the PRMC review letters, the investigator response letters, and other PRMC documentation. We did not review full clinical trial protocols. There may be instances that protocol changes were reported but not actually implemented, and vice versa. However, this seems unlikely. Finally, it is not possible from this analysis to determine the value added or quality of scientific review and the resulting changes to study design.
Conclusions
This study demonstrates that the NCI-mandated scientific review seems to have substantial impact on investigator-initiated cancer clinical trials. Not uncommonly, this process results in modifications to study design, intervention, and population. Recently, the NCI has requested that centers separately and formally review investigator-initiated clinical trials at the concept stage, which may result in an ever-greater impact of the local peer review process. However, the impact of NCI-mandated scientific review on industry-sponsored trials, which at many centers may comprise most research protocols, seems far more limited. To what extent this difference reflects differences in the initial scientific quality of submitted protocols, differences in the ability to modify submitted protocols, or other factors is not clear. Regardless, it may be beneficial for cancer centers to consider policies to permit expedited scientific review of industry-sponsored research, resulting in more rapid study activation of these trials and allowing scientific reviewers to focus their efforts on investigator-initiated trials. Abbreviations: GI/GU, gastrointestinal/genitourinary; UAD, upper aerodigestive.
